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Abstract 

Objective: To explore the oral health status through a latent class analysis in elderly social security beneficiaries 
from Southwest Mexico City. 

Material and Methods: Cross-sectional study of beneficiaries of the State Employee Social Security and Social 
Services Institute (ISSSTE, in Spanish) and the Mexican Institute of Social Security (IMSS, in Spanish) aged 60 
years or older. Oral health conditions such as edentulism, coronal and root caries (DMFT and DFT > 75 percenti- 
le), clinical attachment loss (> 4 mm), and healthy teeth (< 25 percentile) were determined. A latent class analysis 
(LCA) was performed to classify the oral health status of dentate patients. 

Results: In total, 336 patients were included (47.9% from the ISSSTE and 52.1% from the IMSS), with an average 
age of 74.4 (SD = 7.1) years. The 75th percentile of the DMFT = 23 and of the DFT = 2. Of the patients, 77.9% had 
periodontal disease. The 25th percentile of healthy teeth = 4. A three class model is adequate, with a high classifi- 
cation quality (Entropy = 0.915). The patients were classified as "Edentulous" (15.2%), "Class 1 = Unfavorable" 
(13.7%), "Class 2 = Somewhat favorable" (10.4%), and "Class 3 = Favorable" (60.7%). Using "Class 3 = Favora- 
ble" as a reference, there was an association (OR = 3.4; 95% CI = 1.8-6.4) between being edentulous and being 75 
years of age and over, compared with the 60- to 74-year age group. 

Conclusion: The oral health in elderly social security beneficiaries is not optimal. The probability of becoming 
edentulous increases with age. A three-class model appropriately classifies the oral health dimensions in the elderly 
population. 

Key words: Elderly, Latent class analysis (LCA), oral health, social security, Mexico. 
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Introduction 

The increase in life expectancy, and particularly global 
aging, is a successful advance in humanity. Technology 
innovation in the prevention and cure of many diseases, 
together with a lower exposure to unsafe conditions 
should increase the expectations of reaching an appro- 
priate adulthood with better health (1). Of all public 
health problems that are derived from aging and the ex- 
pansion of the population, oral health represents a major 
expenditure for the Health System (2). 
The elderly population in Latin America suffers from 
poor oral health, visits oral healthcare clinics less often, 
and loses teeth due to poorly controlled chronic diseases 
and inadequate oral hygiene more than due to the effect 
of age (3). More than half of the elderly population in 
Mexico receives professional dental attention once per 
year. These follow-ups are usually attended in the private 
sector because the State and the Social Security System 
do not provide elderly individuals the proper care (4). Of 
the population between 60 and 64 years of age, 17.2% 
are edentulous. This percentage increases with age, and 
after 85 years of age, 50.5% of patients have lost all their 
teeth (2). Poor oral hygiene and deficient nutrition are 
characteristic of a poor lifestyle and are considered etio- 
pathological factors of oral morbidity in the elderly (5). 
Caries and periodontal disease are the main causes of 
tooth decay (6,7). Partial or total tooth loss has an impact 
on food swallowing, sound pronunciation, and strength 
and muscular activity. In addition, food deprivation ne- 
gatively affects the patient's general health and quality 
of life (8-10). Dental prosthesis rehabilitation substan- 
tially improves the personal appearance and quality of 
life (11). However, the perception of elderly patients re- 
garding the necessity of dental prostheses reportedly di- 
ffers from that of the oral health care practitioner (12). 
Therefore, the aim of the present study was to explo- 
re the oral health status of elderly beneficiaries of the 
ISSSTE and IMSS of Southwest Mexico City through a 
latent class analysis. 

Material and Methods 

A cross-sectional study was performed between January 
and March of 2010. A representative sample of elderly 
beneficiaries of the primary healthcare services of the 
Family Medicine Clinic of the ISSSTE and the Family 
Medicine Unit of the Southwest Mexico City IMSS was 
analyzed. The selection criterion for these units was the 
similar geographical area. 

The sample included 200 beneficiaries (age 60 years or 
older) of primary care at the ISSSTE and IMSS. The 
patients were selected randomly using the databases of 
elderly patients who had required assistance during the 
months of January and July of 2009. Patients who refu- 
sed to participate, who could not be contacted at the re- 
gistered address and telephone number, or who had died 



were excluded from the study. 
- Data collection 

All patients were contacted via telephone or by letter at 
their registered address and were invited to participate 
in the study. The patients confirmed their agreement to 
participate by verbal and signed consent. 
The interview and oral evaluation were performed in 
their respective clinic or unit. 

The aim of the interview was to obtain information on 
the subjects' sociodemographic characteristics (i.e., sex, 
age, marital status, schooling, paid employment, and li- 
ving situation), chronic diseases, cognitive function, and 
depressive symptoms. 

The information on chronic degenerative diseases was 
obtained by asking the patient whether a physician had 
diagnosed them with any disease. A positive answer led 
to an interrogation regarding the diagnosis of cancer, 
diabetes mellitus, dyslipidemias, gout, hypertension, 
heart attack, cerebrovascular conditions, chronic obs- 
tructive pulmonary disease, mental disorders, cirrhosis 
of the liver, biliary or renal lithiasis, gastric or duodenal 
ulcer, chronic renal failure, prostate hyperplasia, hip or 
femur fracture, other fractures, and any disease of more 
than 3 months evolution. 

Cognitive function was assessed with the mini-mental 
state evaluation (MMSE). Cognitive impairment was in- 
dicated by a score of < 23 points, adjusted by age (13). 
Depression was measured using the 30-item Geriatric 
Depression Scale (GDS) (14). Scores from 0 to 9 points 
indicated a "Normal" status (no depressive symptoms), 
10 to 19 points indicated "Moderate depression," and 20 
to 30 points indicated "Severe depression" (15). 
The oral evaluation analyzed the oral health status (eden- 
tulism, history of coronal or root caries, clinical attach- 
ment loss, and healthy teeth) and the dental prostheses 
(use, function, and necessity of replacement). 
A previously trained and standardized dental surgeon 
performed the assessment (Kappa > 0.80) in accordance 
with the World Health Organization (WHO) criteria to 
assess dental status and attachment loss in the periodon- 
tal tissues (16). The oral evaluation was performed with 
the patient siting on a chair (or when necessary, on a 
wheel chair), under natural light, using a No. 5 mirror 
and a WHO-type periodontal probe (PCP 11. 5B, Hu- 
Friedy). Coronal caries (DMFT index, the number of 
DecayedMissingFilled Teeth), and root caries experien- 
ce (DFT index, the number of Decayed/Filled roots). 
The 75th percentile of the DMFT and DFT indexes in 
the elderly patients who participated in the study was 
established to define a cut-off point for the presence of 
coronal and root caries. The cut-off point to classify the 
elderly patients with a high caries index was > 23 teeth 
in the DMFT index and > 2 roots in the DFT index. The 
25th percentile corresponded to a low number of healthy 
teeth, and the cut-off point was < 4. 
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Clinical attachment loss is the predominant clinical ma- 
nifestation and main determinant of periodontal disease. 
It was considered when one or more sites had an attach- 
ment loss of > 4.0 mm. 

Oral health was considered a latent variable in denta- 
te elderly patients because it is an integral variable that 
cannot be observed but must be inferred and measured 
from a group of observable and explanatory variables 
(i.e., dental and root caries history, clinical attachment 
loss, and healthy teeth) (Fig. 1). A latent class analysis 
was used because it is a statistical technique that studies 
the existence of one or more latent variables inferred 
from a group of observable and explanatory variables 
and defines, based on its classes, a classification or typo- 
logy of the individuals in the sample (17). 
The investigation protocol was reviewed and approved 
by the National Health Research Committee and the 
IMSS Research Ethics Committee (Register No. 2005- 
785-170). 

- Statistical analysis 

The descriptive statistical analysis and the percentage 
distribution were calculated using IBM SPSS (Statisti- 
cal Package for Social Science) version 19.0 for Win- 
dows. The Mann-Whitney U test was used to determi- 
ne differences between the two groups, and Pearson's 
Chi Square test was used to determine the uniformity 
of the frequency and distribution. A multinomial logis- 
tic regression analysis was performed to determine the 
strength of the association (Odds Ratio, OR; 95% Con- 
fidence Interval, 95% CI) between the oral health clas- 
sification and the sociodemographic variables (i.e., sex, 
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Fig. 1. Latent class model for oral health in an elderly dentate 
population. 



age, marital status, schooling, paid employment, and li- 
ving situation), as well as the chronic health conditions, 
cognitive function, and depressive symptoms. 
A latent class model analysis was performed using the 
Mplus version 5. The latent class analysis (LCA) is an 
approach that classifies the individuals into groups based 
on the patterns of individual response. The purpose of 
using the LCA in this study was to distinguish the opti- 
mal number of classes that characterize the oral health of 
the elderly beneficiaries of the IMSS and ISSSTE. The 
choice of a model in terms of the classes for oral health 
was determined by progressively increasing its number 
and contrasting the results with each subsequent model 
using the Lo-Mendell-Rubin test, in which a nonsigni- 
ficant probability (p > 0.05) suggests that the previous 
model (with a lower number of classes) is preferable. To 
assess the goodness of fit of the model, a combination of 
the Akaike Information Criterion (AIC) and the Baye- 
sian Information Criterion (BIC) were used, in addition 
to the entropy values, to obtain more information on the 
model adjustment. Although there is no standard thres- 
hold to evaluate entropy, values near 1.0 are desirable 
(18). Finally, the models were interpreted in terms of 
their theoretical and practical coherence, with the sim- 
plest and most parsimonious model subsequently selec- 
ted. 

Results 

Of the 400 selected elderly patients, 84.0% (n = 336) 
participated in the study (ISSSTE 47.9%, n=161; IMSS 
52. 1%, n=175). Of the remaining patients, 2.5% (n = 10) 
refused to participate, 12.7% (n = 51) could not be loca- 
ted at the registered address or telephone number, 0.5% 
(n = 2) had died, and 0.3% (n = 1) refused to be clinically 
evaluated. 

Of the total sample (n = 336), 69% (n = 232) were 
women with a mean age (SD) of 71.4 (7.8) years, and 
31.0% (n = 104) were men with a mean age of 71.4 
(8.0) years; 44.9% (n = 151) were married, 31.8% (n = 
107) were single, and 23.2% (n = 78) were widowers; 
5.4% (n = 18) had no school education, 27.1% (n= 91) 
had attended school for 1 to 6 years, and 67.6% (n = 
227) had attended school for 7 or more years; 25.3% (n 
= 85) had paid employment, 35.1%(n= 118) had unpaid 
employment, 39.6% (n = 133) were retired, and 19.9% 
(n = 67) lived by themselves; 7.1% (n = 24) did not pre- 
sent any chronic disease, 37.2% (n = 125) presented one 
chronic disease, 35.1% (n = 118) presented two chronic 
diseases, and 20.5% (n = 69) had three or more chronic 
diseases; 27.4% (n = 92) had mild cognitive impairment, 
and 29.8% (n = 100) had depressive symptoms. Table 
1 lists the frequency and percentage distribution of the 
characteristics of the elderly subjects. A statistically 
significant difference (p < 0.05) was found between the 
ISSSTE and the IMSS in the frequency and distribution 
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Table 1. Characteristics of the sample of elderly beneficiaries 
of the ISSSTEand IMSS. 





ISSSTE 


IMSS 


Total 




(n=161) 


(n=175) 


(n=336) 




% 


% 


% 


Sex* 








Female 


75.2 


63.4 


69.0 


Male 


24.8 


36.6 


31.0 


Age 








60-74 years 


67.7 


68.0 


67.9 


75 years and over 


32.3 


32.0 


32.1 


Marital status* 








Married 


36.6 


52.6 


44.9 


Single 


36.6 


27.4 


31.8 


Widow/Widower 


26.7 


20.0 


23.2 


Schooling 








No schooling 


5.6 


5.1 


5.4 


1-6 years 


26.1 


28.0 


27.1 


> 6 years 


68.3 


66.9 


67.6 


Paid employment 








Yes 


20.5 


29.7 


25.3 


No 


34.2 


36.0 


35.1 


Retired 


45.3 


34.3 


39.6 


Living by themselves 








Yes 


22.4 


17.7 


19.9 


No 


77.6 


82.3 


80.1 


Chronic health conditions* 








Without chronic conditions 


9.3 


5.1 


7.1 


1 


37.3 


37.1 


37.2 


2 


40.4 


30.3 


35.1 


3 or more 


13.0 


27.4 


20.5 


Cognitive impairment 








Yes 


29.8 


25.1 


27.4 


No 


70.2 


74.9 


72.6 


Depressive symptoms 








Yes 


27.3 


32.0 


29.8 


No 


72.7 


68.0 


70.2 



*p<0.05 using the Chi Square test 



of the variables sex, marital status, and chronic health 
conditions. 

Table 2 lists the components of the oral health status 
(i.e., edentulism, history of dental and root caries, clini- 
cal attachment loss, and healthy teeth) of the elderly po- 
pulation in the study. There were statistically significant 



Table 2. Components of the oral health status of the sample of elderly 
beneficiaries of the ISSSTE and IMSS. 





ISSSTE 


IMSS 


Total 




(n=161) 


(n=175) 


(n=336) 




% 


% 


% 


Edentulism 








Superior 


11.8 


8.6 


10.1 


Inferior 


1.2 


0.0 


0.6 


Total 


16.1 


14.3 


15.2 


(superior and inferior) 


Dentate 


70.8 


77.1 


74.1 




ISSSTE 


IMSS 


Total 




(n=135) 


(n=150) 


(n=285) 




% 


% 


% 


DMFT 








Mean (DS) 


16.3 (7.0) 


18.0(6.6) 


17.2 (6.8) 


Medium 


17.0 


18.5 


18.0 


(Percentile 25-75)** 


(12.0-22.0) 


(13.7-24.0) 


(13.0-23.0) 


DFT 








Mean (DS) 


0.8 (1.4) 


1.2(1.7) 


1.0(1.6) 


Medium 


0.0 


1.0 


0.0 


(Percentile 25-75)** 


(0.0-1.0) 


(0.0-2.0) 


(0.0-2.0) 


Clinical attachment loss 








0-3 mm 


28.9 


16.0 


22.1 


4-5 mm 


33.3 


38.7 


36.1 


6-8 mm 


28.9 


30.7 


29.8 


9-11 mm 


7.4 


12.0 


9.8 


12 mm or higher 


1.5 


2.7 


2.1 


Healthy teeth 








Mean (SD) 


8.9(5.6) 


8.0 (5.7) 


8.4 (5.6) 


Medium 


9.0 


7.0 


8.0 


(Percentile 25-75) 


(5.0-12.0) 


(3.0-12.0) 


(4.0-12.0) 



**p<0.05 using the Mann-Whitney U test 



Table 3. Goodness of fit of the model and conditional probability associated with the latent class of oral health for 
an elderly dentate population. 



Class number AIC 


BIC 


Entropy 


LMR test 


1 1284.167 


1298.776 




P 


2 1157.136 


1190.008 


0.837 


< 0.0001 


3 1155.150 


1206.285 


0.915 


0.0059 


4 1161.727 


1231.124 


0.849 


0.2149 


Conditional probability 


Oral health components 


Class 1 


Class 2 


Class 3 




"Unfavorable" 


"Somewhat favorable" 


"Favorable" 




16.1% (n=46) 


12.2% (n=35) 


71.6% (n=204) 


DMFT (> 23) 


1.000 


0.839 


0.032 


DFT (> 2) 


0.584 


0.296 


0.187 


Clinical attachment loss (> 4 mm) 


0.948 


0.000 


0.859 


Healthy teeth (< 4) 


0.651 


0.949 


0.079 



AIC: Akaike Information Criterion, BIC: Bayesian Information Criterion, LMR: Lo- Mendell-Rubin. 
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differences (p < 0.05) in the DMFT and DFT between 
the ISSSTE and the IMSS. 

The LCA revealed three classes for the oral health sta- 
tus of the elderly dentate patients, classified as follows: 
Class 1 "Unfavorable" (16.1%, n = 46), Class 2 "So- 
mewhat favorable" (12.2%, n = 35), and Class 3 "Fa- 
vorable" (71.6%, n = 204). Table 3 lists the conditio- 
nal probabilities of each oral health component in the 
elderly dentate patients for each of the three classes, as 
well as the goodness of fit of the model that presented a 
high classification quality (Entropy = 0.915). 
The 336 elderly persons were classified as follows: 
15.2% (n = 51) as "Edentulous", 13.7% (n = 46) as "Un- 
favorable" (Class 1), 10.4% (n = 35) as "Somewhat fa- 
vorable" (Class 2), and 60.7% (n = 204) as "Favorable" 
(Class 3). The frequency and distribution of the edentu- 
lous and oral health latent classes are presented in table 
4, together with the sociodemographic variables, chro- 
nic health conditions, cognitive function, and depressive 
symptoms. There was a difference in the frequency and 
distribution of the edentulous and oral health latent clas- 



ses between the 60- to 74-year age group and those 75 
years of age and over (Pearson's Chi square = 16.273; 
DF = 3; p = 0.001). When the strength of association 
was assessed through a multinomial logistic regression 
analysis, using the elderly patients with favorable oral 
health condition as a reference, an OR = 3.4 (1.8 - 6.4) 
of being edentulous in the elderly patients who were 75 
years of age and older was determined, compared with 
the 60- to 74-year age group. Statistically significant 
associations were not observed in the unfavorable and 
somewhat favorable groups (p > 0.05). Moreover, there 
was no difference between the frequency and distribu- 
tion of the edentulous patients and the oral health classes 
with the rest of the study variables (p > 0.05). 

Discussion 

Oral health problems begin at an early age and become a 
greater problem at advanced ages. Such is the case with 
tooth loss, edentulism, clinical attachment loss, coronal 
and root caries, oral mucosal lesions, use of nonfunctio- 
nal dental prostheses (partial or total), low salivary flux, 



Table 4. Frequency and distribution of the latent classes in the oral health and edentulism of elderly patients. 





Edentulous 
(n=51) 


Class 1 

"Unfavorable" 
(n=46) 


Class 2 

"Somewhat favorable" 
(n=35) 


Class 3 

"Favorable" 

(n=204) 


Social security 


ISSSTE 


51.0% 


30.4% 


51.4% 


50.5% 


IMSS 


49.0% 


69.6% 


48.6% 


49.5% 


Age* 










60-74 years 


45.1% 


63.0% 


74.3% 


73.5% 


75 years and older 


54.9% 


37.0% 


25.7% 


26.5% 


Schooling 










No schooling 


3.9% 


4.3% 


0.0% 


6.9% 


1-6 years 


31.4% 


30.4% 


25.7% 


25.5% 


> 6 years 


64.7% 


65.2% 


74.3% 


67.6% 


Paid employment 










Yes 


21.6% 


19.6% 


25.7% 


27.5% 


No 


41.2% 


50.0% 


25.7% 


31.9% 


Retired 


37.3% 


30.4% 


48.6% 


40.7% 


Living by themselves 










Yes 


15.7% 


17.4% 


20.0% 


21.6% 


No 


84.3% 


82.6% 


80.0% 


78.4% 


Chronic health conditions 










No chronic diseases 


5.9% 


15.2% 


5.7% 


5.9% 


1 


37.3% 


21.7% 


48.6% 


38.7% 


2 


35.3% 


39.1% 


34.3% 


34.3% 


3 or more 


21.6% 


23.9% 


11.4% 


21.1% 


Cognitive impairment 










Yes 


15.7% 


28.3% 


31.4% 


29.4% 


No 


84.3% 


71.7% 


68.6% 


70.6% 


Depressive symptoms 










Yes 


29.4% 


26.1% 


22.9% 


31.9% 


No 


70.6% 


73.9% 


77.1% 


68.1% 



* p=0.001 using the Chi Square test 
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chewing problems, among other conditions (19). Tra- 
ditionally, the oral health of the population, and parti- 
cularly of elderly persons, has been limited to clinical 
indicators and oral indexes, as well as to the presence or 
absence of a separate disease (20) — that is, each factor 
separately contributes information on each oral health 
component, and thus the individuals are not classified 
based on the patterns of the oral health components. 
Using the information regarding the DMFT and DFT 
indexes, clinical attachment loss, and the number of 
healthy teeth, an LCA was performed to characterize the 
oral health in the elderly population. We obtained three 
classes that can characterize the oral health of elderly 
dentate persons. Class 1 was characterized by having a 
higher probability of coronal caries and clinical attach- 
ment loss, a medium probability of root caries, and a low 
number of healthy teeth. Based on the above description, 
this class was considered to have an unfavorable oral 
health status. Class 2 was characterized by having a high 
probability of many coronal caries, a low number of 
healthy teeth, a low probability of many root caries, and 
no probability of periodontal disease. Considering the 
above description, these patients had somewhat favora- 
ble oral health. In Class 3, a high probability of clinical 
attachment loss, a low probability of root and coronal 
caries, and a low number of healthy teeth were observed. 
Consequently, this class was considered to have favora- 
ble oral health but not optimum due to high probability 
of clinical attachment loss. The LCA did not consider 
toothless elderly patients because these individuals com- 
prise a separate group. The LCA helps to characterize 
oral health and may be a heuristic tool that enables new 
inferences in the oral health status of the elderly popu- 
lation. 

In latent class analysis, sociodemographic characteris- 
tics, chronic diseases, cognitive function and depressive 
symptoms were not considered because this was an ex- 
ploratory analysis. Further studies should consider the 
effect of these and other variables in the classification of 
oral health status in older adults. 

The dental status was a serious oral health problem for 
the elderly in this study and confirmed the reported li- 
terature (7). When comparing the DMFT and DFT in- 
dexes between the ISSSTE and IMSS, we observed a 
significant difference, with the IMSS having the higher 
values in both indexes. Unfortunately, little information 
is available regarding the oral health status of the Mexi- 
can population, and particularly, of the elderly. National 
Health and Nutrition Surveys do not deem oral health 
to be an element that should be evaluated, despite re- 
ports published on the association of oral and systemic 
diseases, such as endocarditis, cerebrovascular disease, 
coronary disease, infarction, hypertension, diabetes me- 
llitus, respiratory disease, and osteoporosis, as well as 
low birth weight, premature births, nutritional deficien- 



cies, and cancer (21). The only document in Mexico is 
the 1996-2000 National Survey on Dental Caries and 
Fluorosis that was performed on children aged 6 to 12 
years. The care requirements and the oral health status 
of the elderly population in Mexico are among the short - 
and mid-term challenges, serving as a basis for strate- 
gy implementation and for a continuous assessment to 
maintain or improve their oral health (22). 
The ultimate result of dental caries and periodontal di- 
sease is tooth decay (6,7), which also poses serious im- 
plications in the overall health and quality of life in the 
elderly (8). As previously described, we observed that 
a total loss of teeth (edentulism) is associated with age 
(2,19,23). 

Notably, the present study involved elderly patients who 
used health services within a given period and does not 
represent the totality of elderly beneficiaries in Southwest 
Mexico City. However, our investigation allows for ex- 
ploring the oral health conditions of patients using the 
health services and for planning new studies to answer 
the unknown factors that cannot be solved in a cross- 
sectioned study. 

Tooth loss, as well as the effects of periodontal disease 
(attachment loss) and coronal and root caries, must not 
be considered an inevitable consequence of aging (3,4). 
Consequently, edentulism and oral health conditions in 
the elderly population of the present study are the reflec- 
tion of the lack of public policies with an impact on the 
oral health of this population in Mexico during the last 
6 decades. Indeed, Social Security oral health services 
provide care at the primary level and are limited to pre- 
ventive treatment and control, as well as amalgams or 
composite restorations. All restorative and rehabilitative 
treatments should be covered by private oral health ser- 
vices (4). Thus, health policies must be implemented to 
cover this unsolved need (3,4,21). 
Another important aspect that has not been considered in 
the health policies in Mexico is the incorporation of for- 
mation programs in undergraduate and graduate studies 
to address the oral healthcare needs of elderly patients. 
An inconsistency between what is being taught in the 
universities and the actual requirements for improving 
the oral health of the population has been noted (21). 
Likewise, continuing education programs aimed at oral 
health professionals must be implemented to address the 
needs of this population group. 

Finally, we conclude that the oral health status of elderly 
beneficiaries of the ISSSTE and IMSS is similar but not 
optimal because only 60.7% had a favorable oral health 
status according to the classification from the oral health 
LCA that was performed. Furthermore, total tooth loss 
(edentulism) is associated with age; the older the indivi- 
dual, the more likely he or she is to be edentulous. 
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